Working memory is an executive function that is highly dependent on the functioning of the prefrontal cortex. Several studies using food or drink as rewards have demonstrated that rats are capable of performing tasks that involve working memory. Sexual behavior is another highlyrewarding, motivated behavior that has proven to be an efficient incentive in classical operant tasks. Considering that both sexual behavior and working memory are sensitive to the effects of stress, the aim of this study was to determine the effect of acute stress on visuospatial working memory during a sexually-motivated task (a nonmatching-to-sample task in a T-maze) in male rats. Thirty-two male Wistar rats were trained in the T-maze using sexual interaction (intromission and ejaculation) as a reinforcer during a 4-day training period (training sessions held every 4th day). On the basis of their performance, the rats were classified as good-learners (n = 12) and bad-learners (n = 20), and on the fifth day, 6 good-learners and 10 bad-learners were subjected to stress using the cold water immersion model (CWI, 15˚C) for 15 minutes before they were evaluated in the T-maze. The remaining rats made up the control group (i.e., they performed the task without previous stress). Results showed that acute stress by CWI improved working memory in the bad-learners but did not affect the performance of the good-learners, although in both groups (good-and bad-learners) stress decreased the sexual motivation to perform the task. It is probable that the increased levels of corticosterone in the stress situation could activate glutamatergic transmission in the prefrontal cortex, thus facilitating working memory and, simultaneously, decreasing testosterone levels, which exerts a negative effect on sexual motivation in these male rats.
Introduction
Stress is a biological mechanism through which the body attempts to regain homeostasis when it is affected by internal and/or external adverse forces (stressors) [1] . According to its temporality, stress can be classified as acute or chronic [2] . Acute stress, also known as eustress, is generally associated with short, controllable stressors and hence acts for periods from a few minutes to a few hours [2] [3] . It has been reported that acute stress may affect executive functions, such as working memory [4] , and there is theoretical evidence that supports a relationship between stress and working memory.
However, some authors report that acute stress impairs working memory [5] [6], while others, to the contrary, postulate that it may facilitate working memory [7] - [9] .
Different studies have demonstrated that rodents are capable of performing diverse tasks that involve important executive functions, such as flexibility, attention and working memory [10] - [12] . Most of the research that has evaluated working memory in rats has used food or drink as rewards; however, sexual behavior (intromission and ejaculation) has also proven to be a highly-rewarding motivated behavior that has been used efficiently both as an incentive and as a reward [13] - [18] in the same way as other primary reinforcers [19] .
In a recent study, we reported a paradigm to evaluate working memory in rats using sexual behavior as a reward (a delayed task with alternation to the sample: 4 daily copulatory series leading to ejaculation during 4 days of recording, alternated every 4 days). Results showed that the male rats in that experiment manifested an appropriate learning curve and maintained their sexual motivation throughout the task days [20] . Using the same paradigm, we also reported that the activity of the medial prefrontal cortex (mPFC) changes in relation to the working memory processes involved in this sexually-motivated task [18] .
Both sexual behavior and working memory are sensitive to stress [6] [21], the effects of which, as is wellknown, vary according to the kind and temporality of the stressors involved [5] [6] [22] - [26] . For example, there are reports that acute and chronic immersion in cold water drastically alters the motivational component and copulatory performance, and that immobilization alters mount frequency and hit rate, while electrical shocks applied to the feet affect the copulatory parameters only when exposure is chronic [21] . This suggests that the effect of stress on sexual behavior depends on the nature and, in some conditions, duration, of the stressor.
Considering that stress can affect both working memory [5] - [7] [26]- [28] and sexual behavior [21] [29], the aim of this study was to determine the effect of acute stress (using the model of stress caused by cold water immersion) on visuospatial working memory in male rats during the performance of a sexually-motivated task.
Methods

Subjets
A total of 32 sexually-expert male Wistar rats weighing between 280 and 380 g were used. The rats were maintained under an inverted light/dark cycle (12 h/12 h) at a temperature of 20˚C -22˚C with water and food ad libitum. Also, a group of 20 female rats was treated with estradiol benzoate (0.5 µg/every other day), and progesterone (500 µg/sc), with the latter being administered 4 -6 hours before they were used as the rewarding stimulus in the copulatory tests of all experimental situations.
Sexual Interaction Test
All male rats participated in at least 3 trials of sexual behavior at 3-day intervals during a training phase before the experiment began. By the end of that phase, all the males used in the study exhibited consistent parameters of sexual activity, including intromission within 20 s of presentation of the female, ejaculation within 10 min of first intromission, and re-initiation of copulation within 10 min of first ejaculation. All behavioral tests were conducted between 10:00 and 13:00 h; i.e., during the dark phase. Animal care and all procedures involving the rats were approved by the Institutional Animal Care and Use Committee at the Institute of Neuroscience, in accordance with NIH specifications.
Behavioral Test
T-Maze
A nonmatching-to-sample working memory task with a sexual incentive was applied using a T-maze made of wood. A start-box cage was attached to the initial segment of the T-maze, and at the end of each arm a similar cage was placed containing a receptive female used as the rewarding stimulus. Access to the cages was restricted by guillotine doors. The objects and tester in the experimental room served as spatial signals. The rats were allowed to explore the maze freely for a 20-min period 1 day before the training phase in order to become habituated to this environment. As in previous studies [18] [20] , working memory training in this experiment was performed every 4th day until reaching a total of 4 training days. On each occasion, the rats were subjected to 4 copulatory series, each one involving various training trials.
During the working memory tests, a receptive female was placed in each cage at the end of the two arms of the maze. To sexually-motivate the male rats, each one was allowed one intromission with a receptive female in the start-box before training began. Immediately after this initial motivation, a male rat was placed in the startbox and the first trial was conducted: i.e., the guillotine door was opened and the rat was subjected to a forced sample run in which only one arm of the maze was open (pseudo-randomly assigned). The door at the end of that arm was removed and one intromission with the receptive female was allowed. The male rat was then removed and returned to the start-box. Subsequently, the door was opened for a test run in which both arms were open. In the test run, the male rat was rewarded by allowing it one intromission with the receptive female, but only if it chose the opposite arm to the one it had visited in the sample run (nonmatching-to-sample procedure). Thus, each trial consisted of one sample run and one test run, with an inter-trial period of 10 s. A series of trials was considered complete when the rat reached ejaculation. Hence, the number of trials in the copulatory series varied according to those performed before each rat ejaculated. After the first and second copulatory series (when the first and second ejaculations occurred), the rats were allowed a rest period of 30 min, while between the third and fourth copulatory series, a rest period of 60 min was given.
After the 4-day training period, the performance of the rats was evaluated and they were classified in 3 groups (good-, medium-and bad-learners). The bad-learners group (n = 12) included those with a percentage of correct responses (i.e., the number of times the rat entered the correct arm in the test run in each copulatory series in proportion to the total number of trials) below 80% on days 1 and 2 of training (acquisition phase), and a percentage of correct responses also below 80% on days 3 and 4 of training (maintenance phase). Also considered bad-learners were those rats that were unable to realize 3 copulatory series with 100% of correct responses during the maintenance phase (days 3 and 4 of training). The good-learners group (n = 20) included the rats that achieved a percentage of correct responses below 80% in the acquisition phase but were able to attain 100% of correct responses in at least 3 copulatory series during the maintenance phase. The other rats (medium-learners, n = 18) did not meet the aforementioned criteria for bad-or good-learners and so were discarded. Thus, the subsequent procedure included only the good-and bad-learner groups.
Both good-and bad-learners were further divided into 4 sub-groups, and on day 5 (4 days after the 4th day of training) were again subjected to the working memory task. However, on that day half of the rats were stressed (stress group = 6 good-and 10 bad-learners) while the other half was left undisturbed (control group = 6 goodand 10 bad-learners) before beginning the T-maze test.
Stress by Cold Water Immersion
Subjects in the stress group (n = 16, 6 good-and 10 bad-learners) were placed in a tank of cold water (height = 20 cm; temperature = 15˚C), where they either swam or remained in an upright position keeping their heads above the water level. They remained in this situation for 15 min unless they sank. Immediately afterwards, the rats were removed from the tank of cold water and placed in a single box for 20 min before being subjected to 2 copulatory series in the T-maze following the procedure described above. The rats in the control group (n = 16, 6 good-, and 10 bad-learners) were subjected to the same copulatory series but without exposure to the stressor.
Behavioral Recording
The SexyMater computer program [30] was used to record the rats' performance in the T-maze with sexual behavior as the reward. At task onset, the program showed a window with 10 numbered touch keys and a timer. Pressing each key-either by clicking or using a finger in the case of tactile computers screens-increased the corresponding counter by one. During execution of the T-maze task, the keys numbered 4, 5, and 6 were used.
Onset latency was recorded with number 6, while numbers 4 and 5 were used to record the number of correct and incorrect responses, respectively. When the task concluded, the number 0 was pressed and the program closed the window.
Statistical Analysis
To assess the effect of acute stress on working memory, the study considered the percentage of correct responses on the final series of day 4 (representative of the maintenance phase of working memory) and the first series of day 5 (experimental phase: stress or control). The performance of each group on each day was compared using a Wilcoxon test, and between groups on each day was compared using a Mann-Whitney U test. The percentages of correct responses on the last series of day 4 vs. the first series of day 5 between the stressed rats (i.e., good-vs. bad-learners) were also compared using a Mann-Whitney U test.
To assess the effect of acute stress on sexual motivation, the mean value of onset latency (i.e., the time from the moment the male rat was placed in the start box until it reached the goal box) was used. The onset latencies in seconds from the last series of day 4 (representative of the maintenance phase) and the first series of day 5 (experimental phase: stress or control) were considered. Higher onset latency was interpreted as showing lower sexual motivation to perform the sexually-motivated task. Each group was compared using an ANOVA, followed by a post hoc Tukey test (to compare interaction among factors such as training days and groups).
For the stressed group, the percentage of correct responses and onset latency between the first (i.e., after stress treatment by cold water immersion) and second series (i.e., after ejaculation in the first trial) on day 5 were compared. The percentage of correct responses was compared using a Wilcoxon test, while onset latency was compared using a repeated measures t-student test.
Results
Performance on the Working Memory Task
The trained male rats were classified according to their behavioral performance in 3 groups, as explained above. The good-learners group had a higher percentage of correct responses in the maintenance phase (day 4; 81.162% ± 7.784%) than in the acquisition phase (day 1; 68.465% ± 6.562%; t = −2.75; p = 0.019); while the bad-learners group showed no changes in the percentage of correct responses during the different training phases (day 1, 62.771% ± 4.026%; day 4, 65.158% ± 5.798%). The medium-learners were not considered in this analysis.
Effect of Acute Stress on Working Memory
Good-Learners
The good-learners (in both the stress and control groups) showed no differences in the percentage of correct responses between groups on any day (stress vs control on day 4 U = 9.0, p(F) = 0.1797; and on day 5 U = 17.00, p(U) = 0.9372), nor did they exhibit changes among days [stressed good-learners group (n = 6; W = 6.0, p(W) < 0.2), control good-learners group (n = 6; W = 7.0, p(W) < 0.2)] (Figure 1(a) ).
Bad-Learners
Only the stressed bad-learners group showed a higher percentage of correct responses on day 5 compared to day 4 (n = 10; W = 1.0; p(W) < 0.003), and only on day 5 the stressed bad-learners showed a higher percentage of correct responses compared to the control group (U = 14.0, p(U) = 0.0054) (Figure 1(b) ).
Comparison among Stressed Groups
The stressed bad-learners group presented a lower percentage of correct responses on day 4 (maintenance phase) compared to the stressed good-learners (U = 4.5, p(U) = 0.0067) and to the stressed bad-learners on day 5. No differences between the stressed bad-and good-learners were found on day 5 (after stress treatment) (U = 23.5, p(U) = 0.4528) (Figure 2). 
Effects of Stress on Sexual Motivation
Intromission latency measured before performing the working memory test in the T-maze (i.e., after stress Median ± inter-quartile range of percentage of correct responses during the nonmatching-to-sample task in a Tmaze during the maintenance phase (day 4) and experimental phase (day 5) performed by the subjects in the stressed goodand bad-learners groups.
* p < 0.01 compared to good-learners on day 4; + p < 0.01 compared to stressed bad-learners on day 5. treatment) on day 5 also presented significant differences between groups, as the stressed rats (both good-and bad-learners) exhibited a higher intromission latency (1904.375 sec ± 329.03) than controls (16.938 sec ± 28.616; t = 11.47; p < 0.0001).
Good-Learners
A significant difference in the interaction of onset latency over the different days and groups (stress and control; F = 19.55, p(F) = 0.0013) was obtained in both the stressed and control groups of good-learners. The stressed good-learner group exhibited a higher onset latency on day 5 (experimental phase) compared to day 4 (maintenance phase; p < 0.01) as well as when compared to the control group, but only on day 5 (p < 0.01) (Figure  3(a) ).
Bad-Learners
The bad-learners (both stressed and control) showed significant changes in the interaction of the onset latency over the different days and groups (stressed and control; F = 43.12, p(F) < 0.0001). The stressed bad-learner group showed a similar pattern of onset latency over the days to that of the stressed good-learners, with a higher onset latency on day 5 compared to day 4 (p < 0.01). In the comparison of the stressed and control bad-learners, the former showed a higher onset latency compared to the latter only on day 5 (p < 0.01) (Figure 3(b) ). Figure 3 . Mean ± 2 SE of onset latency during the non matching-to-sample task in a T-maze during the maintenance phase (day 4), and experimental phase (day 5), performed by (a) both stressed and control good-learners (n = 6/group); and (b) both stressed and control bad-learners (n = 10/group). * p < 0.01 compared to the stressed group on day 4; + p < 0.01 compared to the control group on day 5.
Comparison between Series 1 and 2 on Day 5 (Stressed Groups)
Percentage of Correct Responses
The stressed good-learners group showed no significant differences in the median of percentage of correct res- 
Onset Latency
Discussion
This article describes a differential effect of acute stress caused by cold water immersion (CWI) on sexual motivation and visuospatial working memory in a sexually-motivated task performed by male rats. While acute stress appeared to improve the performance of the male rats on the working memory task, an evident decrease on sexual motivation was observed.
As in previous studies [18] [20], the paradigm used in this paper (nonmatching-to-sample working memory task using a T-maze) made it possible to assess working memory on a sexually-motivated task, because during the test run (the condition in which working memory is exhibited) the rat must be able to "remember" the arm visited in the sample run in order to enter the opposite arm during the test run and thus obtain the sexual reward (one intromission). The behavioral data reported in this work agree with previous studies which showed that sexual behavior is an efficient reinforcer in promoting learning and working memory processes [15] - [18] [20] .
In this work, neither the stressed nor the control good-learners showed any changes in the percentage of correct responses performed during the experimental phase (day 5) compared to the maintenance phase (day 4); which demonstrates that once a male rat achieves good level of learning on the sexually-motivated task, its performance is not affected by the acute stress induced by CWI.
Only the stressed bad-learners showed a higher percentage of correct responses on day 5 (experimental phase) compared to day 4 (maintenance phase). Although it is probable that this improvement in the number of correct responses of working memory could result from experience with the task, as reported in other studies [31] , it is well-known that stress is associated with an increase in corticosterone levels that affects the functionality of brain structures-such as the prefrontal cortex (PFC)-involved in the processing of several executive functions. Sánchez-Santed et al. [31] showed that PFC lesions affect working memory in male rats, but only transiently, such that the effect quickly diminishes with practice. These facts were interpreted by the authors as plastic phenomena mediated by NMDA receptors in the PFC; receptors that play a pivotal role in glutamatergic transmission, which controls excitation in the PFC.
In this study, the behavioral performance of the stressed good-learners and stressed bad-learners before applying the stressor was clearly different. However, after the stress treatment, both groups showed a percentage of correct responses above 80%; i.e., the stressed good-learner rats maintained their correct execution, while the stressed bad-learners increased their percentage of correct responses, so that they showed a similar performance to that of the good-learners after acute stress caused by CWI. Furthermore, only the stressed bad-learner rats showed a higher percentage of correct responses compared to the control rats; indicating that, in effect, the acute stress caused by CWI improved the performance of the bad-learners on the sexually-motivated task (working memory).
It has been suggested that the mechanism through which acute stress (by CWI) facilitates working memory could be increased post-synaptic glutamatergic transmission in the pyramidal cells of the PFC as a consequence of an increase of corticoid hormones [8] [9] . Yuen et al. [8] reported data that agree with this suggestion. They assessed the effect of acute stress on working memory and found that stressed rats showed a higher percentage of correct responses after experiencing acute stress. In a later study, those authors [9] found similar behavioral data after stress treatment, which they associated with plastic phenomena in the pyramidal cells of the PCF by means of an improved post-synaptic glutamatergic transmission mediated by corticoid hormones. Thus, considering that the PFC is an important structure in the modulation of working memory, it is probable that the increased levels of corticosterone triggered by the stress situation could activate glutamatergic transmission in the PFC and thus facilitate the performance of working memory in the stressed bad-learner subjects.
Other studies, however, do not concur with our results, as they suggest that acute stress impairs working memory [4] [6] [32] . Those studies have suggested that the negative effect of acute stress on working memory is mediated by the interaction of glucocorticoids and adrenergic mechanisms (for a review see [33] ), since administration of adrenergic receptor antagonists facilitates working memory on a delayed task [34] . The suggestion that glucocorticoids have a negative effect on working memory was proposed based on data obtained in paradigms that used food as the reward [4] [6] [32] . In contrast, the rewarding effect of sexual behavior is mediated by different neurotransmission and hormonal systems than those activated by food [35] . The sexual behavior is modulated by a negative feedback system between the hypothalamus-pituitary-adrenal axis (involved in stress response) and the hypothalamus-pituitary-gonads axis (involved in the motivation and performance of sexual behavior) that produces an antagonist effect between the glucocorticoids and such gonadal hormones as testosterone [21] . Considering that testosterone levels in male rats increase during sexual behavior [21] , it is probable that while the male rats are executing the sexually-motivated working memory task, the functioning of both axes could interact and, as a result of the increase in testosterone levels, decrease corticosteroid levels to a point at which working memory improves after experiencing acute stress.
Traditionally, the sexual motivation of male rats during sexual interaction has been measured by such parameters as mount latency, intromission latency and ejaculation latency [21] - [25] ; whereas ex-copula, several paradigms have been used, including performance in mazes with a sexual reward in which onset latency has been the main parameter considered [16] [36] . In the present work, the stressed groups (both good-and bad-learners) presented higher onset latencies on day 5 (after stress treatment) than in the maintenance phase (day 4). Furthermore, the comparison between the stressed and control groups (both bad-and good-learners) showed that only the stressed rats presented a higher onset latency and intromission latency; results which demonstrate that acute stress caused by CWI decreased the rats' sexual motivation to perform the working memory task.
These results agree with several previous studies that have shown that sexual motivation can be affected by stress when the stressor is administered in an acute form [21] - [25] [37] [38] . It has been reported that the CWI paradigm increases corticosterone concentrations in the plasma [21] . As mentioned above, corticosterone exerts a negative effect on testosterone levels and, as a result, male rats present increased mount, intromission and ejaculation latencies, as well as decreased hit rates [26] . Thus, it is probable that in this work, a similar hormonal mechanism could explain the decreased sexual motivation observed in the subjects of both stressed groups.
One particularly interesting result is that both the stressed bad-and good-learners groups showed an increased onset latency only in series 1 (i.e., immediately after exposure to stress), compared to series 2 (i.e., after the males reached ejaculation). These data confirm the anxiolytic-like effect that has been shown to be exerted by the ejaculation response in male rats [39] [40].
Conclusion
In conclusion, the behavioral data of this paper show, on one hand, that acute stress caused by CWI exerts a facilitating effect on working memory (non-matching-test) in sexually-motivated male rats, and, on the other hand, that acute stress exerts a negative effect on the sexual motivation required to perform the aforementioned working memory task. It is probable that the facilitating effect of acute stress on working memory results from the activation of glutamatergic transmission in the PFC, mediated by corticoid hormones, as other authors have suggested [8] [9] , whereas the negative effect on sexual motivation could result from decreased testosterone levels mediated by the corticosterone secreted during exposure to stress [26] .
